9 , a new vesuvianite-group member, was found in an old museum specimen labelled as vesuvianite from the Tuydo combe, near Lojane, Republic of Macedonia. It occurs as radiating aggregates up to 2 cm across consisting of acicular tetragonal crystals (up to 7 mm long and 5-40 μm thick) with distinct fibre-optic effect. Associated minerals are calcite, grossular-andradite and clinochlore. Single crystals of magnesiovesuvianite are transparent, light pink with a silky lustre. Dominant crystal forms are {100}, {110}, {101} and {001}. The Mohs' hardness is 6. The measured and calculated densities are 3.30 (3) . The eight strongest lines of the powder X-ray diffraction pattern are (I-d(Å)-hkl): 23-10. 96-110, 22-3.46-240, 33-3.038-510, 100-2.740-432, 21-2.583-522, 94-2.365-620, 19-2.192-710, 25-1.6165-672. Magnesiovesuvianite is tetragonal, space group P4/n, unit-cell parameters refined from the powder data are a 15.5026(3), c 11.7858(5), V 2832.4(2) Å 3 , Z = 2. The crystal structure has been refined to R 1 = 0.027 for 3266 unique observed reflections with |F o | ≥ 4σ F . The structure refinements provided scattering factors of the Y1A,B sites close to 12 e -that supports predominant occupancy of these sites by the Mg 2+ cations, in perfect agreement with the 27 Al MAS NMR data. Magnesiovesuvianite is a member of the vesuvianite group with Mg 2+ as a dominant cation at the Y1 site. The name magnesiovesuvianite is given to highlight the species-defining role of Mg.
Introduction
Due to significant chemical variations and the dependence of the symmetry (space group) upon crystallization temperature (Gnos and Armbruster 2006) , minerals of the vesuvianite group seem to indicate conditions of formation and, thus, are of practical interest to geology and geochemistry. Perfect acicular vesuvianite crystals and whiskers show pronounced light-conducting properties (Galuskin et al. 2007 ). Owing to their structural and chemical complexity, vesuvianite-group minerals are also considered as potential components of silicate materials for the immobilization of dangerous waste products incorporating toxic and radio-hydrogarnet-type substitutions, incorporation of sodium and boron, and different cation coordinations, the general formula of vesuvianite-group minerals can be written as X 16 X1 2 X4Y1Y2 4 Y3 8 T 0-5 [(ZO 4 ) 10-x (H 4 O 4 ) x ] (Z 2 O 7 ) 4 (OH,O) [10] [11] , where x < 3, X are seven-to ninecoordinated sites (Ca, Na, K, Fe 2+ , REE), X4 has a square antiprism coordination (Ca, Na), Y1 has a square pyramidal coordination (Fe 3+ , Mg, Al, Fe 2+ , Cu 2+ ), Y2 and Y3 have octahedral coordination (Al, Mg, Zn, Fe 2+ , Fe 3+ , Mn 2+ , Mn 3+ , Ti, Cr, Zn), T 0-5 (B, Fe or Al) is the additional site with triangular and tetrahedral coordination, whereas ZO 4 (Si, H 4 O 4 ) and Z 2 O 7 are ortho-and diortho-groups, respectively (Warren and Modell 1931; Coda et al. 1970; Dyrek et al. 1992; Groat et al. 1992; Armbruster and Gnos 2000b; Galuskin et al. 2003; Aksenov et al. 2016 , Panikorovskii et al. 2016a .
The crystal structure of vesuvianite-group minerals has a modular character (Fig. 1a) and may be considered as containing one-dimensional grossular modules running along the fourfold axis (Allen and Burnham 1992) . The modules are linked by the Si 2 O 7 groups (Fig. 1b) ; thereby it forms framework with channels occupied by the Y1A,B (Y1) and X4A,B (X4) sites (Fig. 1c) in the Y1A-X4A-X4B-Y1B sequence with the distances smaller than 1.3, 1.3 and 2.5 Å between the Y1A-X4A, Y1A-X4A and X4A-X4B positions, respectively. Various occupancies of Y1A,B and X4A,B positions lead to the different ordering schemes and, as a result, to different space groups (Giuseppetti and Mazzi 1983; Fitzgerald et al. 1986b; Pavese et al. 1998; Armbruster and Gnos 2000a, b) .
The majority of vesuvianite samples contain significant amounts of Mg (usually in the range of 0.8-6.7 wt. %), which mostly occupies the octahedrally coordinated Y3 positions (Groat et al. 1992) . Single crystal X-ray and EXAFS investigations by Valley et al. (1985) and Ohkawa et al. (1992) 
Occurrence
Magnesiovesuvianite was found in an old museum specimen from the Tuydo combe, near Lojane, Republic of Macedonia, deposited in the systematic collection of the Fersman Mineralogical Museum of the Russian Academy of Sciences, Moscow, Russia, under catalogue no. 59783 (acquired in 1957) . This specimen is considered as the holotype of magnesiovesuvianite.
Associated minerals are calcite, garnet of the grossular-andradite series and clinochlore. The new mineral occurs in cavities of a garnet-bearing rodingite and definitely has a hydrothermal origin.
General appearance, physical properties and optical data
Magnesiovesuvianite forms radiating aggregates up to 2 cm across consisting of acicular tetragonal crystals a c b (up to 7 mm long and 5-40 μm thick) with a distinct fibre-optic effect (Fig. 2 ). This effect is used as a means of transmitting light between the two ends of the fibre, e.g. in computer networking. Crystals are elongated along [001] ; the dominant forms are {100} and/or {110}, both usually with striation along [001]; crystals are terminated by the {111} and {101} or {001} faces (Fig. 3) . They occur in open cavities or are embedded in fine-grained apple-green garnet.
Magnesiovesuvianite crystals are transparent, light pink, with a silky lustre. Сleavage has not been observed. The Mohs' hardness is 6. The density measured by flotation in diluted Clerici solution (D meas ) is 3.30(1) g/cm 3 and calculated using the empirical formula (D calc ) is 3.35g/cm 3 . The mineral is optically uniaxial, negative, ω = 1.725(2), ε = 1.731(2) (in white light); pleochroism is not observed. The Gladstone-Dale compatibility index (Mandarino 1981 (Fig. 4) of magnesiovesuvianite have one major step of weight loss, which corresponds to an endothermic effect at 1024 °C and can be assigned to the dehydroxylation process (Föld-vari 2011) . The TGA and DSC curves of magnesiovesuvianite correspond to low-symmetry vesuvianite (P4/n or P4nc), which usually has a one-step weight loss with a sharp endothermic peak in the temperature range of 820-1090 °C (Żabiński et al. 1996) . Total weight loss for magnesiovesuvianite is 
Spectroscopic studies
5.1. Solid-state magic-angle spinning nuclear magnetic resonance (MAS NMR) 5.1.1. 27 Al MAS NMR study
The 27 Al NMR spectrum was obtained at room temperature by means of a Bruker Advance III 400 WB spectrometer at 104.24 MHz. The MAS spin rate of the rotor was 20 kHz. For these investigations a single-pulse sequence was used with a pulse length of 86 kHz, with recycle delay 1 s and number of scans 4096.
The NMR spectrum ( Fig. 5a ) of magnesiovesuvianite contains two peaks centred at -3.29 ppm and 39.41 ppm. The peak at -3.29 ppm is in the range of chemical shifts for octahedrally coordinated Tab. 3 Crystal data, data collection and structure refinement parameters of magnesiovesuvianite Phillips et al. (1987) and Olejniczak and Żabiński (1996) , who pointed out that the 27 Al MAS NMR spectra for vesuvianites from Asbestos, Canada, and Piz Lunghin, Switzerland, contain two lines corresponding to V Al and VI Al.
1 H MAS NMR study
The 1 H NMR spectrum was obtained at room temperature using a Bruker Advance III 400 WB spectrometer operating at 400.23 MHz. The MAS spin rate of the rotor was 20 kHz. A single-pulse sequence was used with a pulse length of 100 kHz, recycle delay of 20 s and 32 scans.
The 1 H MAS NMR spectrum (Fig. 5b ) of magnesiovesuvianite contains two peaks centred at 6.52 and -0.95 ppm in contrast to the spectrum of 'hydrovesuvianite', which contains three peaks centred at 6.74, 3.38 and -0.95 ppm (Panikorovskii et al. 2016c (Yesinowski et al. 1988 ) are 2.84 and 3.13 Å. The most intense peak at 6.74 ppm corresponds to the chemical shifts of the O (11)-H(1a) ... O(7) and the O(10)-H(2)
... O(10) bonds that is in agreement with the distances of 2.784(4) Å and 2.74-2.82 Å, respectively, reported for vesuvianites by many authors (Lager et al. 1999; Ohkawa et al. 1992 Ohkawa et al. , 1994 Ohkawa et al. , 2009 Pavese et al. 1998; Armbruster and Gnos 2000c; Galuskin 2005) . The peak at -0.95 ppm can be attributed to the O (11)-H(1b) ... O(11) bond, since its chemical shift agrees with the distances of 3.01-3.04 Å (Pavese et al. 1998; Lager et al. 1999 ).
Infrared spectroscopy
The infrared spectrum of magnesiovesuvianite was obtained using a Bruker Vertex 70 IR spectrometer at room temperature (KBr pellet, resolution 4 cm -1 ). In the IR spectrum (Fig. 6) 
X-ray crystallography

Powder X-ray diffraction data
Powder X-ray diffraction data (Tab. 2) were collected by a Bruker Phazer D2 diffractometer in the 2θ range of 5-80° (CuK α ; 1.5418 Å) with scanning steps of 0.02° in 2θ. The normal-focus Cu X-ray tube was operated at 40 kV and 30 mA. 
Crystal-structure refinement
The single-crystal X-ray diffraction experiment was carried out using an Agilent Technologies Xcalibur Eos diffractometer operated at 50 kV and 40 mA. A hemisphere of three-dimensional data was collected at room temperature using monochromatic MoK α X-radiation with frame widths of 1° and 80 s count for each frame. For the investigated sample, 208 0kl and hhl reflections were observed that violated the k + l ≠ 2n and l ≠ 2n absence conditions, indicative of the low symmetry of the crystal structure (Armbruster and Gnos 2000b). Other 14 observed reflections belonged to the hk0 family with h + k ≠ 2n. The observed systematic absences are consistent with the space group P4/n. Attempts to refine the crystal structure in the P4nc space group led to a large number of atoms with physically unrealistic anisotropic displacement parameters. The crystal structure was refined using a merohedral twin model (2-fold axis along [110] ) with the twin ratio 0.485/0.515 to R 1 = 0.027 for 3266 unique observed reflections with |F o | ≥ 4σ F using the SHELX program (Sheldrick 2008). Empirical absorption correction was applied in the CrysAlisPro (Agilent Technologies 2014) program using spherical harmonics, implemented in the SCALE3 ABSPACK scaling algorithm. Volumes of coordination polyhedra were calculated using the VESTA 3 program (Momma and Izumi 2011).
Experimental details and crystallographic parameters are given in Tab. 3. The final atomic coordinates and isotropic displacement parameters are in Tab. 4, selected interatomic distances in Tab. 5 and anisotropic displacement parameters in Tab. 6. The tetrahedral Z1A,B; Z2A,B and Z3A,B positions in the crystal structure of magnesiovesuvianite are occupied by Si atoms only. The Z1A,B sites demonstrate small Si deficiencies. Both have slightly increased <Z1A-O> and <Z1B-O> distances of 1.647 and 1.666 Å, respectively, and the mean electron counts are 13.3 and 12.3 electrons per formula unit (epfu) (for the Z1A and Z1B positions, respectively) in agreement with the SiO 4 4-↔[H 4 O 4 ] 4-substitution (Galuskin 2005) , which, however, is insufficient to have any influence upon the 1 H MAS NMR spectra. The 7-9 coordinated X1, X2A,B, X3A,B and X4A,B sites are fully populated by Ca atoms only. The site occupancies of the eightfold coordinated X4A and X4B sites in the structure channels (Fig. 1c) are 0.73 and 0.27, respectively.
The principal sites for the identification of magnesiovesuvianite as a new mineral species are the Y1A,B sites (Fig. 7) with a square-pyramidal coordination, where Mg prevails over Al. The average <Y1A-O> and <Y1B-O> bond lengths are 2.140 and 2.002 Å, respectively, which is in agreement with the refined site populations of Mg 0.19 Al 0.08 and Mg 0.41 Al 0.32 , respectively. The sitescattering factor (s.s.f.) for the Y1 site is 11.55 epfu (the calculated value is 12.40 epfu), in agreement with the occupancy of the Y1A,B sites by Mg only. Considering the MAS-NMR data, the total occupancy of the Y1 site requires (Mg 0.60 Al 0.40 ) Σ1.00 . The Y2A and Y2B sites are fully occupied by Al, in agreement with the average <Y2A-O> and <Y2A-O> bond lengths of 1.904 and 1.898 Å, respectively. The average <Y3A-O> and <Y3A-O> bond lengths Tab. 5 Selected interatomic distances (Å) for the crystal structure of magnesiovesuvianite 
Discussion
There have been several literature reports on Fe-poor vesuvianites, where the content of FeO or Fe 2 O 3 did not exceed 1 wt. % (Fitzgerald et al. 1986a, b; Phillips et al. 1987; Groat et al. 1992; Ohkawa et al. 1992; Kurazhkovskaya et al. 2003) . According to Hoisch (1985) , Groat et al. (1992) , Ohkawa et al. (1992) 1983; Panikorovskii et al. 2016a ).
In Fe-free vesuvianites, the Y1A,B sites are occupied by Mg and Al. Their proportion probably depends upon the <Y1-O> distance required to stabilize the structure, which is in perfect agreement with compatible <Fe 3+ -O> distance for the most populated Y1A site (Fig. 7) .
The most plausible explanation for the occurrence of magnesiovesuvianite (i.e. the incorporation of Mg at the Y1 sites) is the absence of significant amount of Fe in the crystallization environment of the mineral. Indeed, the observed striation on the prism faces along [001] is typical of the low-temperature P4/n vesuvianites of a hydrothermal origin (Armbruster et al. 2002; Gnos and Armbruster 2006) . Difference between polyhedral volumes (Tab. 7) of pairs Y1A and Y1B (7.1179 and 5.8931 Å 3 ), and X4A and X4B (24.8468 and 23.8995 Å 3 ) nonequivalent sites (equivalent in P4/nnc model) agrees with P4/n symmetry and low temperature of crystallization magnesiovesuvianite. Therefore, it seems likely that the formation of magnesiovesuvianite was the result of combination of two factors: the relatively high Mg content with the deficit of Fe in the mineral-forming environment from which the mineral crystallized and P-T conditions of mineral formation. Fig. 7 The mean of <Y1-O> vs. occupancy diagram for the Fe 3+ (blue circles) according to Pavese et al. (1998) , Elmi et al. (2011) and Panikorovskii et al. (2016a) . Data of present work (green square) and theoretical mean of the 5-coordinated Fe 3+ according to Shannon (1976 
